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(54) METHOD OF REPAIRING/REINFORCING EXISTING STRUCTURES AND ANISCTROPIC 
WOVEN FABRICS USED THEREFOR 



(57) The present invention relates to a repair and 
reinforcement method for preexisting structures such as 
buildings or the lil^, and in particular, relates to a repair 
and reinforcement method for concrete structures, and 
to an ansotropic textile employed in this method. The 
present invention provides a method which permits exe- 
cution even in low temperature conditionSp and which 
moreover exhibits superior repair and reinforcement 
effects in a short period of time; during the impregnation 
of a resin into a sheet material comprising reinforce- 
ment f ft)ers and the curing of this resin to form a fitier- 
reinforced resin layer which is used in the repair and 
reinforcement of preex^ng structures, a reactive mix- 
ture having a gelling period of 15 minutes or more at a 
temperature of 25''C and which polymerizes even at 
5*'C and is curatrfe within 6 hours, and which has as 



chief components thereof a monomer containing vinyl 
groups and a reactive oligomer having vinyl groups 
and/or a themncplastic polymer, is employed as the 
resin. Furthermore, the present invention provides an 
anisotropic textile for use in the repair and reinforce- 
ment of preexisting structures. 
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Description 

Technical Rek) 

5 The present invention relates to a repair and reinforcement method for preexisting structures such as bridge col- 
umns, pierSp t»idges» arxl txjfldings. and in particular, relates to a repair and reinforcement method for concrete struc- 
tures, and to an anisotropic texHle used in this method. 

Background Art 

10 

The repair and reinforcement of preexisting structures comprising concrete such as bridge columns, piers, bridges, 
and the like by the use of a unidirectional she^ material, in which carbon f bers, glass f ters, or high strength organic 
f it>ers are arranged in one direction, these are impregnated in advance with a small anrwunl of resin, and are restricted 
in the weft directkxi and the thickness direction, or common textile materials, wherein these are affixed to the structures 
IS while impregnating with resin, and are then left to cure, is generally kruywn. 

In this case, cold-curing type epoxy resins, which have a long period of use and are comparatively easily handled, 

are most broadly, empfoyed as the matrix resin which is impregnated into the sheet material. 

Furthennore, repair and reinforcement methods are also known in which, in order to shorten the work period at the 
site and to obtain stable properties, a soK^alled prepreg. which has been impregnated in advance with an appropriate 
20 amount of resin, is affixed, and this is then cured. 

However, when the cold-curing epcxy resin which is commonly employed as a matrix resin in this f ieU is used, 
although this is termed a coki-curing resin, the curing properties decline markedly below ia*C and in particular below 
5'*C, and this leads to defects in curing. Furthermore, since the curing is hindered by the presence of moisture, there is 
a problem in that curing cannot be carried out during periods of rain, and this leads to a lengthening of the executfon 
25 period. 

On the other hand, there h^ been much consideration given to the use of reinforcing materials (hereinbelcw 
refened to as she^ materials) which form fiber-reinforced resin with resin. When a textile material comprising common 
reinforcenrtent fibers employed, tiie fibers run in two directions, so that the strengtti in one direction is less ttian half, 
and this is extremely disadvantageous when strengthening is particulariy to be carried out in one direction, so that the 
30 use of a variety of undirectional sheet materials has been considered. 

(1) Use of reinforcement fiber bundles 

A technk^ue in which reinforcement fiber fcxindles are wrapped around spots to be repaired and reinforced in pre- 
ss existing slmctures while resin is being applied thereto is disctosed in Japanese Patent Application, Rrst PuWfoation tsto. 
Sho 62-33973 and Japanese Patent Application, First Putilication Na Sho 62-244979. 

(2) Use of a so-called prepreg in which resin is impregnated in advance into reinforcement fibers 

40 A technk^ue in which a sheet material, in which a net-shaped material is applied to a prepreg. in which reinforce- 
ment f ft>er burxfies are ananged and impregnated with resin so that the amount of resin contained is 1 5 weight percent 
or less, is applied to portions to be repaired or reinforced of preexisting structures, ajnd curable resin is applied arxJ 
irr^regnated from the surface thereof, is disclosed in Japanese Patent Applrcation. Rrst PuWcation No. Hei 7-22871 4. 

45 (3) Use of reinforcement fiber doth in which resin is not impregnated in advance into the reinforcement f toers 

A technk^ue in whfoh a screen shaped sheet material in which carbon fibers are woven horizontally and vertically 
is applied to spots to be repaired arKi reinforced of preexisting structures, and a curatsle resin is applied and impreg- 
nated from the suriiace thereof, is disctosed in Japanese Patent Applrcation, Rrst Publication No. Sho 63-201269. 

50 

(4) Use of a material whk;h can be positioned between that of (2) and (3) 

A technkjue in whk:h a sheet material, in whfch arranged reinforcement fitter bundles are applied to a supporting 
sheet via an adhesive layer, is applied to spots to be repaired and reinforced of preexisting structures, and a curable 
55 resin is applied and impregnated from the surface thereof, is disclosed in Japanese Patent Applk^ation. Rrst PuWteation 
No. Hei 3-224901, J^)anese Patent Application, Rrst Publication tsto. H^ 4-149366, and Japanese Patent Application, 
Rrst Publk^ation No. Hei 5-32804. 

However, in technk^ue (1) above, in order to impregnate the reinforcement fit>er txindles with resin and to wrap 
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these around spots to be repaired and reinforced, it is necessary to use a dedcated wrapping machine, and work is 
required to bring this machine to the site, and it is also difficutt to use such a machin at sites for repair and reinforce- 
ment having a variety of oorxiittons. 

Furthemrrare, the sheet material which is employed in the technique described in (2) abov is a sheet-shaped mate- 

5 rial in which, in order to ensure good handling properties during the carrying out of repairs, slightly more resin is applied 
to the reinforcement fa>ers than in the case of the level of a common sizing agent, the gaps between fibers are 
restricted, and a further net-shaped body is laid thereon, so that it is difficult to impregnate resin thereinto at the site in 
a short period of time, and it is not easy to use resin having a short period of use. 

Furthermore, in the technique of (3) above, in the same way as in the case of a common textile material, a flat sup- 

10 port body which is made unitary through the application of an anxxjnt of resin or an adhesive layer is not used; however, 
because of the severe restriction of the space between the reinfbrcenrrent fS>ers themselves, the impregnation of resin 
is not easy, and resin having a short period of use cannot t>e employed. 

Furthenrare, in the technique desaibed in (4) above, the arranged reinforcement fber bundles are attached to a 
planar support body comprising a non-woven doth or a net-shaped textile via adhesive layers, and this is made unitary, 

15 SO that it is cfilf icult to impregnate the resin in a short time at the site^ and resin having a short period of use cannot be 

employed^:-: ■ •...-r.-"^.^- - - . - -. - - - ■ - ■ . .■ ..-^ r . . , ^.^-;r.rr.^^.r ^. . - :../.:rzr . . , ' 

Furthermore, when sheet materials such as those deserved in (2) and (4) above are employed, when a resin hav- 
ing a low viscosity and great dissolving power such as an acrylic nrK)nomer or unsaturated polyester resins is impreg- 
nated, the resin which is to be impregnated is impregnated while dissolving the resin which was previously deposited 

20 in order to restrict the f bers, so that the f it>er orierrtation becomes chaotic during the execution of the procedure, and it 
is impossft)le to obtain sufficient strength. 

The present invention solves the problems descrfoed in the conventional art above; it has as an object thereof to 
provide a repair and reinforcement method for preexisting structures which is capat>le of execution even in poor condi- 
tions such as low temperature or rainy conditions, and which is capable of exhibiting superior repair and reinforcement 

25 effects in a short period of time, as well as to provide an anisotropic textile which has superior handling properties and 
resin impregnation properties, and which also generates superior strength when hardened. 



DISCLOSURE OF THE INVENTION 



30 The present invention comprises a repair and reinforcement method for preexisting structures, wherein, during the 
repair and reinforcement of preexisting structures using a f ber-reinforced resin layer in which resin is impregnated into 
a sheet material comprising reinforced fibers and this resin is cured, the resin which is errployed is a reactive nruxture 
having a gelling time at 25°C of 15 minutes or more and which initiates polymerization even at 5°C, and is capable of 
sufficient curing in a comparatively sfxxt period of time (within 6 hours) even at 5*^0, arxi which has as the chief conrv 

35 ponents thereof (1) a monomer having vinyl groups and (2) a reactive oligomer and/or a thermoplastic polymer having 
vinyl groups; and an anisotropic textile, having as the warp thereof a high strength and highly elastic f t)er fiaving a ten- 
sile strength of 3 GPa or more and a tensile elastic nnoduli^ of 150 QPa or more, and a fiber having a tensile elastic 
modulus lower than that of the warp as the weft thereof, wherein the weft corrprises a compound thread having a weight 
of 0.1 g or less per one meter of fiber and comprising two types of fi>ers, the difference in the melting point of which is 

40 50**CornK>re,thegapintheweflinthe<firectionofthewarpiswithinarangeof3- 15rm^ 

caused to adhere to one another by means of the ffoer having a low melting point corrprising the wefL 

The anisotropic textile of the present invention has superior handling properties arvi resin impregnation properties, 
and generates superior strength when cured, and is thus useful in the repair and reinforcement of preexisting struc- 
tures. 

45 Furthermore the repair and reinforcement method for preexisting structures of the present invention which employs 
this anisotropic textile arvJ specified resins even in a sheet-form material comprising reinforcement ilb&s may k>e car- 
ried out in poor conditions such as low temperatures, and is capable of exhibiting superior repair and reinforcement 
effects in a short period of time. 



50 BEST MODE FOR CARRYING OUT THE INVENTION 



Rrst the repair and reinforcement method for preexisting structures of the present invention will be explained. 

In the repair and reinforcement method for preexisting structures in accordance with the present invention, during 
the repair and reinforcement of preexisting structures using a fiber-reinforced resin layer in which resin is inpregnated 
55 Into a sheet material comprising reinforcement fit>ers and cured, the resin which is employed is a reactive mixture 
(matrix resin) which has a gelling time at 25**C of 15 minutes or more and vi^ich initiates polymerization even at 5**C, 
and is capable of sufficient curing in a comparatively sfiort period of time (within 6 hours) even at 5*^0, and which, more- 
over, has as the chief conrponents thereof (1) a momm& fiaving vinyl groups and (2) a reactive oligomer and/or a ther- 
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moplastic polymer having vinyl groups, and this is affixed to the preexisting structure while Impregnating the sheet 
material comprising reinforcement f bers with this resin, and this is allowed to stand and cura 

Exan^es of high strength or highly elastic fibers which may be mnployed as th reinforcement f bers used in the 
sheet material comprising reinforcement f bers include, for example, inorganic f bers such as cartx)n ftoers, glass f bers. 

5 and the like, or organic f bers such as aramid f bers or the like, which are commonly employed as reinforcement fibers. 
Furthermore, if these reinforcement fibers are mixed it presents no problem 

Among these, high strength and highly elastic fbers having a tensile strength of 3 GPa or more and a ter^le elastic 
modulus of 1 50 GPa or more are particularly preferable for use as the warp of the anisotropic textile descrbed above, 
and high strength carbon fibers having a tensile strength of 4 GPa or more are preferaWa Examples of the sheet mate- 

10 rial corrprising reinforcement fbers used in the present invention include, for exarrple, woven ctoth, unidirectionally ori- 
ented sheets, non-woven doth, mats and the like corrprising such reinforcement fbers. combinatfons of these, and 
such sheet materials corrprising the reinforcement fbers into which the acrylic system resin descrbed hereinbelcw has 
been inrpregnated; anisotropic textiles are preferably enrployed. 

In particular, in the present invention, a material (a) in which fbers are disposed so as to cross a sheet material in 

IS which reinforcement fibers are arranged in one direction is preferat)le for use as the sheet material comprising reinforce- 
- ment fbers in which the reinforcementibers are oriented in one directfon and restricted in the horizontal direction*.a^. 
material (b) in which heat-fusible fbers are disposed, with gaps within a range of 3 - 15 mm along the longitudinal direc- 
tion of the reinforcement fbers. in a direction perpendcular to that of the reinforcement fbers in at least one surface of 
a sheet material in which reinforcement fibers are arranged in one direction, and these are heat-fused, is preferable for 

20 use as the sheet material comprising reinforcement fil>ers; and a material (c) in which a heat-fusible f ber doth conrpris- 
ing thermoplastk; resin, or comprising a web-shaped sipport body or net-shaped support body covered with thermo- 
plastic resin, is heat-fused to at least one surfece of a she^ material arranged in one direction, is preferable for use as 
the sheet material corrprising reinforcement fil>ers. 

Here, material (a) disdosed above is produced by disposing reinforcement fbers as the warp, and reinforcement 

25 fibers or other fbers. such as polyamide fbers, acrylic fbers. or fbers resulting from pladng acrylic system resins or 
methacrylic system resins in a f ber shape, as the weft; in other words, from weaving or twining these. 

Furthermore, material (b) is produced by arranging reinforcement fbers in a single direction as a sheet, disposing 
heal-fusble fibers atong the wkfth cfirection of the reinforcement fbers. and heat-fusing these. What is meant by the 
heat-fusiWe fibers enployed here are fbers which melt and exhbit adhesive properties at temperatures above room 

30 temperature, or fbers which are coated on the surfaces thereof with substances which exhftwt heat-fusing properties, 
or threads resulting from an intertwining of heat-fusble fbers and non-heat-fusiWe fibers, or a combination of any of 
these fibers. Exarrples thereof indude fbers of polyethylene, polypropylene, pdyanrade. or acrylic or methacrylk; sys- 
tem resins, as well as fbers resulting from a lightly heat-fusiWe finishing on such fbers. and fbers in whfoh a substance 
which is heat-fusible such as polyamide or the like is deposited on the surface of fbers such as glass fbers or the like. 

35 or fbers resulting from an intertwining of fbers such as glass fbers and nyton threads; however, these fbers are not 
necessarily limited to these exarrples. What is meant by the arrangement of the fitters in this case may be the simple 
placement of the fbers in the surface, or the weaving or intertwining of strengthening fibers as the warp and heat-fusible 
fibers as the weft 

After the heat-fusiWe fbers are arranged, it ^ possible to obtain material (b) by heating these and causing a fusfon 
40 with the reinforcement fbers. 

Anxxig these, the anisotropic textile described above emptoying a sheet material corrprising reinforcement fibers 
is more preferably employed. 

Additfonally. material (c) above may be produced by heat-fusing a heat-fusble fber doth conrprising a thernrxplas- 
tic resin exhibiting melting and adhesive properties at temperatures above room terrperature. or comprising a web- 
45 shaped support or net-stiaped support body covered with themxplastic resin, to at least one surface of a sheet-form 
material in which reinforcement fbers are arranged in one direction,. 

Exanples of the heat-fusible fbers indude fbers corrprising polypropylene, polyamide. acrylic resin, methacryfic 
resin, or the like; and the net aperture of the net-shaped support body is preferably wider from the point of view of the 
irrpregnation of the resin, so that it is preferable that one polygonal side of the aperture portion be 1 mm or greater, and 
so the surtece area of tf^e aperture shoukJ be 1 0 mm? or more. It is more preferat)le if one side has a length of 2.5 mm or 
more, while the aperture surface area is 15 mnf or more. On the other hand, from the point of view of preventing the 
loosening of the reinforcen>enl fbers and the handling properties during cutting, it is preferable that the aperture be 
small, so that it is preferable that one skJe have a length of 20 mm or less and the aperture surface area be 500 mm? 
or less. 

55 What is meant by a web-shaped support body is a sheet nraterial resulting from an intertwining of short fbers or 
long fbers. 

Rom the point of view of maintenance of intertayer shear strength and resin penmeability among the mechanfoal 
properties of the substance obtained, it is preferable that the net- or web-shaped support body hav 
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" '^rth respect to the materials employed in tt» fbers used for restricting the reintorcemert fibers 0^*^ fts^toer 
ctothTmlte^fteuseolmaterialshavinggoodadhesiv properties with the resin wh«h«.mpregnated.s preferable. 

so that after curing, superior strength and reinforcement effects can be generated. 

^ISi^Sfi^are e^ed as the reinforcement fibers, optimal carbon f bers for use .n ttje *^ materral 
should preferably be within a range of 100 - 800 gAn?. and m«e preferably withui a ra^ef»J50 - 600 flAW^;^ 

W»n the weight is less than 100 g^rrf'. although the impregnation of the resin is satisfactory, the handling proper- 
ties ^S^J^e^.^. and X parSoJar. the trend towaKte^ 
des. and the number of layers affixed increases, so that the operation becomes conplex. VVhen 1h« IS m 

o/nf the in«regnation of the resin worsens, and this is not desirable. 
^^^^JSS^nowbegivenofthereasonfortheuseofareactivemixture^^^ 

Thev^ which is emptoyed in the present mventfon exhibits sufficient repair and reinforcement effects a axn- 

S^ymeri^ e«n at 5-C. and that curing proceed to a l«el whK* exhibte ^J^-V" 
^nSSveh^ period of time. One benchmartt for th^ 
- SSSS^ta,SSof,24 hou,s:-haw^ 

tS«ocJd^andr^ 
SrS^ep^oMmpregnaling resin 

SnWli^ a ^of uS at room tenperature of 10 n^nutes or mae. and P^^fe^^Sj™^^ 
SaS^.areac£«nLreinwhichacuring reaction 

^Sch is cJSwith a radical chain reaction, .s preferaWe. The most preferable r^<^e m«ture ^^^"^ 
having as chief components thereof the components described hereinbelow. which ^fP^;"^!^^^ JSS 
^e at room ter^erature. and in which curing progresses toalc.^ 

^ '"SX^es'XMTponent (1). a monomer having vinyl groups, include (meth)acryla*^ ^'^"^iSf^;^^^! 
vinyl touSe. vinylaceMe. arxl the like. Rom the point of view of reactivity and the weather resislance rf*e r^ at^er 
STSiTS^ of (.^)aaylateasachiefconponent is preferable. 

^"^Si^^Sl^ieof mdude: (meth)acrylale monomers having one functtonal group as mettvj 
(meSSSs,^(n^)acry»ate. propyl (meth)acrylate. n^xityl ('^)acrytafe t*u^ ^"^fS^,^ 
SSSte^ aXhexyl (meth)acrylate. n-nonyl ^S*^^^^^ 
dicvdODentanyl (melh)acrylate, dicydopentenyl (meth)acrylate. Z-dicyctopentenoxyelhyl ("^J^crytefe sobornyl 
rSS^methoS (.^SaK ethoxyethyl (meth)acrylate. butoxyetM ("^^T'l^SSlZ' 
Ul (.Sacrylate. ethoxyethoxyethyl ("^)a«=^^»«^'*^'°^ i!?^ 

2-hydrDxyprotVl (methtecrylate. 44Tydroxybulyl (meth)acrylate. (melh)acrylic aad. (melh)acryloyl morpholineand the 

rofimetlSylate 1 4-heptanediol di(meth)acrylate. I.e-hexanediol (meth)acrylate. diethylene ^J^^^' 
ZTZS^OC^ TeBDacrylate. tetraelhylene glycol di(meth)acrylate. 
^ciie^^^JSiethano} (meth)acrylate. hydrogenated bisphenol A dKn'ett.)acrylat^ 1>pen^ 
« 5Lte.trimethytolethaned(me.h)acrylate.tricyclodecanedimethanoldi(mel^^^ 

vlate dipropylene glycol di(melh)acrylale. 1.3-butylene glycol di(meth)acrylate. 2.2-bBj4- 
Xnei;.)acryta«p^^ 2.2*lsK4Kmeth)acrytaxy(2-hydroxypropoxy)phenyl)prcpan^ to^-i2. 

SSvS^^SSS^ *he like: and (m8th)acrylate monomers having three or fu.i*or«l gr^ 
^^SSSS^^^^y^orMe. trimethyldpropane ethylene glycol addrtion product of tn(meth)acrylate. 
drtrimethylolpropanetetra(meth)acrylate.trisacrytoylethylisocyanurate. and the Ilka ^ 
r3g SHarticularty preferable concrete examples are those which have good cunng P^perh^arxl k«n^ 
cosiTSidiirnShyl (mettSacrylate. ethyl (melh)acrylate. propyl (meth)acrylate. n-butyl (meth)acrylate. t-buW 
SSSsS^cSS. (meth)acrylate. ethylene glycol di(meth)acrylate. diethylene glycol 

di(meth)acrylate. 1 .3-butylene glycol di(meth)acrylate. and tetrahydrofurfuryl (meth)acrylate. 
7hesemonome.shavingvinylgroupsmaybeusedsingly.ortwoormo»ea«^^^ 

ExanBles of corrvonent (2). the reactive oligomer having vinyl groups, include, m addition to the ««f '^^ ™^ 
onomSwHch resuJfrom the addition ol a (meth)acrylic group to the end of a comparative^ mol^lar w«gW 
SSS^ copolymer, styrene copolymer, or styrene - acrytonitrHe «'P<>'V''^^'^ 
SSS^^^gTpo^ 

y^e glyS butan«li<5orthe like. and (meth)acrylic add: polyester (meth)acrylate containing aHirt f Jf.fif"*^*^''* 
fe^nXSS^ofapolybasicacidsucha^ 

iXlene^. butanedfol or the like, and an alcohol containing allyl ether groups such as penteerythntol tiaJM 
STtf mel&propan diallyl ether or the nke. and (meth)acrylic add: polyester containing allyl ether groups. wh«h 
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was obtained by reacting a polybasic add such as phthalic add. adipic add or the like with a polyhydric alcohol such 
as ethylene glycol, butanecfiol or the like, and an alcohol containing allyl ether groups such as pentaerythritd triallyl 
ether, trimethyk)lpropane diaJlyl ether or the fike; epoxy (meth)acrylat obtained by reacting an epaxy resin with 
(meth)acrylic add; epoxy (meth)acrylate containing allyl ether groups, obtained by reacting a polybask: add such as 
phthalic add, adipic add or the like with an epoxy resin and an alcohol containing allyl ether groi^, such as pentaer- 
ythritol triallyl ether, trimethytolpropane diallyl ether and the Mke; urethane (meth)acrylate. which Is obtained by reacting 
polyol, polyisocyanate and a nKMionier contain hydrcxyl youps such as 2-hydrQxyethyl (meth)acrylate or the like; ure- 
thane (meth)acrylate containing allyl ether groups, obtained by reacting polyol. polyisocyanate and an akx)hol contain- 
ing allyl ether groups such as pentaerythritol triallyl ether, trimethytolpropane diallyl ether or the like, and a monomer 
containing hydrcxyl groups such 2-hydraxyethyl (meth)acrylate or the like; and urethane containing aUyl ether groi4)s, 
obtained by reading polyol. polyisocyanate and an alcohol containing allyl ether groups such as pentaerythritol triallyl 
ether, trimethylolpropane diallyl ether or the like. 

Preferable among these reactive oligomers are polyester (meth)acrylate containing allyl ether ^oups. obtained by 
reading a polybasic add, a pdytiydric akx)hol. an ateohol containing allyl ether groups and (meth)acrylic add; epoxy 
(meth)acrylate, obtained by reacting an epoxy resin with (meth)acrylic add. and epoxy (melh)acry!ate containing allyl 
ether groups, .obtair^ by reacling.a.polybaac^^^^^^ containing.allyl ether groups.and^ 

(meth)acrylic add; more preferable is such a reactive oligomer in sdutwn in component (1). and particularty preferable 
is a reactive oligomer obtained using phthalic add as the polybasic add, bisphenol A and/or bisphenol F type epoxy 
resin having an epoxy equivalent of 970 or less as the epoxy resin, and pentaerythritol triallyl ether as the akx)hol con- 
taining allyl ether groups. The epoxy equivalent weight of the epoxy resin employed is set to this level because at 
greater amounts the solubility in component (1) is reduced, and it thus becomes cifficuH to prepare a uniform resin and 
to apply and inpregnate this resin uniformly Into the shee* material comprising reinforcement f toers. 

Further exanples of conponent (2). the thermoplastic polymer, indude. in addition to polymers or copolymers of 
(meth)acrylate monomers having one functional groups such as methyl (meth)acrylate, ethyl (meth)acrylale, propyl 
(meth)acrylate. n-butyl (melh)acrylate, t-butyl (meth)acrytate. isobutyl (melh)acrylate. 2-ethyIhexyl (meth)acrylate, n- 
nonyl (meth)acrylate, cydohexyl (meth)acrylate, benzyl (melh)acrylate. dcydopentanyl (meth)acrylate, dicydopente- 
nyl (meth)acrylate. 2-dicydopentenaxyethyl (melh)acrylate. isobomyl (meth)acrylate. melhoxyethyl (meth)acrylate. 
elhoxyelhyl {meth)acrylate. butoxyethyl (melh)acrylate. methoxyethoxyelhyl (meth)acrylate, ethoxyethoxyethyl 
(meth)acrylate. tetrohydrofurfuryl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydraxypropyl (meth)acrylate. 4^ 
hydroxybutyl (meth)acrylale, (melh)acrylic add. and (meth)acryIoyl morpholine and the like, copolymers off (melh)acr- 
ylate monomers and monomers which are copolymerizable with (meth)acrylate monomers such as styrene, polymers 
of monomers which are copolymerizable with (meth)acrylate monomers, cellutose system macromolecules such as cel- 
lulose acetate butyrate, cellutose acetate propionate, and the Dke, diallyl phthalate resin, epoxy resin, vinyl resins such 
as vinyl chtoride and vinyl acetate resin and the like, and various thermoplastic elaslomers; these thermoplastic poly- 
mers may be used singly or together. These are preferably emptoyed in solution in component (1), as in the case of the 

reactive oligomers descn'bed atxive. 

Furthermae, in order to inprove various properties, it is possible to add a variety of additives, for example, ptesti- 
dzers. weathering agents, anti-static agents, lubricants, release agents, paints, pigments, anti-loaming agents. polynr>- 
erization inhibitors, and vark>us types of f Biers. In particular, in order to improve air blast effects, and provide gloss to 
the cured surface, and in order to imrease dirt resistance, the additton of paraffins such as paraffin wax. mterocrystal- 
line wax. polyethylene wax, and the like, or addlion of higher fatly adds such as stearic add, 1 .2-f^roxystearic add, 
and the like, is preferabia 

No particular restrictkm is made with respect to the curing catalyst whrch is used for the polymerizabon of such 
reactive mixtures, insofar as this comprises a curing catalyst system which meets the curing condittons. such as the 
period of use. the polymerization initiation temperature, and the curing period; catalyst systems which are commonly 
enployed as curing catalysts for radical polymerization at room temperature may be used. 

Concrete exanples thereof indude combinations of organfc peroxides which are individually stable at room tem- 
perature (the teirperature at the place of use) such as benzoyl peroxWe. methylethylketone peroxide, and the like, and 
curing promoters which make possible the decomposition of such organic peroxides at room temperatures. 

In order to avoid the dangers presented by the handling of benzoyl peroxide, it is preferable that this be used in the 
form of a paste a a powder in which the concentration is cfiluted to approximately 50^ 

Exarrples of curing promoters indude metallk; soaps such as cobalt naphthenate. cobalt octylate, and the like, as 
well as aromatic tertiary amines such as dimethyl tolukfine. diethyl tduicfine. diisopropyl tolukJine, dihydroxyethyl tdui- 
dine. dimethylanfline. cBethyl aniline, diisopropyl aniline, dihydroxyethyl aniline and the like. The curing promoters may 
be used singly, or two or more may be used concomitantiy. however the curing pronxrters are not limited to these exam- 
ples. 

It is preferable, from th point of view of the coating properties of the resin, the impregnation properties of ttie resin 
int a sheet material conprising reinforcement f toers, and the penetration into the concrete structure, ttiat the viscosity 
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of the reactive mixture be within a rartge cf 5 - 10^ cent^ise at 20^C, and more preferably within a range of 5 - 800 
centipoise. 

fn the repair and reinforcement method of the present invention, the execution of foundation treatment on the sur- 
face of the preewsting structure on which execution is to be condicted, prior to carrying out the repair and reinforce- 

5 merit, is highly desirable in order to obtain sufficient repair and reinforcement effects This foundation treatment may be 
conducted by means of a method in which tnrttally, where coatirig or the like h^ been carried out on the surface of the 
structure, this is removed, and the surface is rerxfered smooth, whereupon cracked portions are filled in with a material 
having good adhesion properties with the reactive mixture which is empk>yed in the present inventk>n. and where nec- 
essary, the is subjected to further abrasion, arxi the surface is rendered snxxTth. Furthermore, the application of the 

10 reactive nuxtureenployed in the present inventk)n on to the surface on w^ 

out prior to carrying out the repair and retnfbrcement meffKxl of the present invention, is preferat^le in order to improve 
the adheskm properties. 

Representative embodied configurations of the repair and reinforcement method of the present invention are given 
bek)w. 

15 

;^t==^(EmbOdied COnfigUrattonJl)^ "™ . ^^z=:^.:rrr=..:^..^n.^„.zr^rr^ 

A reactive nvxture in which an organk; peroxide and a curing promoter are uniformly mixed is first applied to those 
portions on which repair and reinforcement is to be earned out. and after a sheet material comprising reinforcement f S>- 
20 ers, and preferably an anisotropic textile, has been applied to the surfaces to which the reactive mixture was applied; 
the same reactive mixture is impregnated from the opposite side, and allowed to cure. 

(Embodied Conftguratk)n 2) 

25 A repair and reinforcement method for pre&dsting structures, in whk;h a reactive mixture (liquki A) containing an 
organic peroxkle but not containing a curing promoter is mixed with a reactive mixture f}k\wd B) containing a curing pro- 
moter but not containing an organic peroxide, using a two-liquti mixing-type coater provkfed with a cleaning pump, the 
mixed resin ik)uki is applied to those portions of the preexisting structure which are to be repaired and reinforced, a 
sheet material comprising strengthening fibers, and preferak)ly an anisotropk; textile, is applied to the surfaces to which 

30 the resin liquki was applied. IkjukJ A and liQuki B are again mixed using the two-lquki mixing-type coater, and the mixed 
resin IkiukJ is applied to the outer surface of the sheet material comprising reinforcement fibers which was affixed and 
this resin is then alkywed to cure. 

(Embodied Conf iguratkm 3) 

35 

A reactive mixture (liqukJ A) containing an organk: peroxkle but not containing a curing promoter is first applied to 
those portk)ns of the preexisting structure whk;h are to t)e repaired and reinforced, and then a sheet material compris- 
ing reinfbrcemerrt f t>ers, arxi preferatsly an anisotropic textilei is affixed thereto^ whereppon a reactive mixture (Ik^uki B) 
containing a curing promoter kxjt not containing an orgarvc peroxide is impregnated, and by means of the contact and 

40 mixture of Iqukf A and fiquki B. curing is carried out 

Altemativety, llqud B may first be applied to those portions of the preexisting structure whk;h are to be repaired and 
reinforced, a sheet material comprising reinforcement fibers, and preferably an anisotropic textile, is then affixed, 
whereupon fiquki A is inrpregnated, and as a resutt of the contact and mixture of lk]uid A and liquki B, curing is carried 
out The adoption of such a mettuxJ is particularly desirable when a suffk^ent reactive mixture period of use is to t>e 

45 guaranteed. Liquid A and IkiukJ B may of course be used in reverse order. 

(Embodied Configuration 4) 

A compound comprising the curing promoter of the reactive mixture may be deposited in advance on ttie sheet 
50 nrutterial comprising reinft>rcement f bers. and preferably on an anisotropk; textile, and during execution, a reactive mix- 
ture whk;h contairts an organk; peroxkf e but does noi contain a curing promoter may be impregnated, initiating polym- 
erization, arvj this may then be alkiwed to cure. 

Alternatively, an organk; peroxkle may be applied in advance to thte sheet material comprising reinforcement fbers, 
preferably an anisotropic textile, and during execution, this may t>e impregnated witii a reactive mixture which contains 
55 a curing pronxTter but does not contain an agaruc peroxkJe, initiating polymerization, and thus carrying out curing. 
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(Embodied ConfiguFation 5) 

A reactive mixture (liquid A) which corrtains an organic peroxide but does not contain a curing promoter is f irst 
applied to those portions of the preexisting structure which ar tob repaired and reinforced, and then a sheet material 
conpr^ng reinforcement fbers. preferably an anisotropic textile, is affixed, and thereafter a reactive mixture (liquid B) 
which contains a curing promoter but does not contain an organic peroxide is impregnated, and on this, liquid A is again 
inpregnated. and as a result of the contact and mixture of liquid A and liquid B, curing ts carried out 

Alternatively, liquid B may first be applied to those portions of the preexisting structure which are to repaired and 
reinforced, a sheet material comprising reinforcement fibers, preferably an anisotropic textile, is affixed, and thereafter 
liquid A IS inpregnated, whereupon liquid B is impregnated, and as a result of the contact and mixture between liquid 
A and liquid B. curing is canied out The adoption of this method is particularty desirable in cases in which a sufficient 
period of use is to be guaranteed for the reactive mixture, and in which a cured state wh^ 
state in which there are few curing d^iciency spots is desired. 

In the repair and reinforcement method in accordance with the present invention, no particular restriction is made 
with respect to the method 1^ which reactive mixtures are applied to the portions of the preexisting structures which are 
to be repaired and reinforced, or to the sheet material comprfeing reinforcement fibers-however^itis preferable that^t^^ 
be canied out in a short period of time by using a common spray gun. a two-liquid internal-mixing^ype spray gun con- 
taining a static mixer, or a two-liquid extemal-mixing-type spray gun. 

Next the aneotropic textile will be explained; this is preferably employed as the sheet material compnsing rein- 
forcement f bers of the method for repair and reinforcement of preexisting stmclures descrtoed above, and is also pref- 
erably employed in conventional repair and r«nforcement methods. 

In order to effectively conduct the repair and reinforcement of preexisting stnjctures, the use of a sheet material m 
which the high strength and highly elastic fibers employed are ananged in a single directton is important; however, a 
sheet material resulting solely from such arrangement cannot be handled, and is incapable of use as the material for 
repair and reinforcement The so-called prepreg method, in which resin is impregnated in advance, is the most common 
method used to guarantee sufficient handfing properties for use as a repair and reinforcement material; however, 
because the resin which cures at ordinary temperatures which is employed in such repair and reinforcement methods 
cures If it is not used immediately after impregnation, such resin is inappropriate for use as the matrix resin used in pre- 
pregs. and the common matrix resin for use in prepregs must be heated to a high temperature of over WC in order 
to be cured, so that such resin is also inappropriate for use in the repair and reinforcement method for preexisting stnjc- 
tures. For this reason, a method is commonly employed in which the amount of resin impregnated in advance is set to 
the lower limH necessary to guarantee the handling prop^es. and moreover, a curing agent is not contained so as to 
guarantee the period of use. and during execution, curing is conducted using a room-temperatureHXiring agent con- 
tained within a relatively large amount of resin which is additionally impregnated; however, the resin which is impreg- 
nated during execution is restricted to the same type of resin as that which was applied in advance, and it is necessary 
to apply a slightly greater amount than the standard amount of sizing agent in order to guarantee the handling proper- 
ties during execution, so that the Inpregnation properties off the resin which is impregnated during execution decline 
dramatically. Furthemwre. in order to inprove the handling properties during executioa it is common to attach a planar 
support body such a non-woven cloth or a net type textile or the like viaa resin applied to the reinforcement fibers, or 
an adhesive layer which is specially provided between a planar support body and the reinforcement ffoers; however, 
although the handling properties inprove, the impregnation properties of the resin Airing execution decline even more. 

The anisotropic textite of the present invention does not involve the application of resin to the high strength and 
highly elastic fibers which are ananged in a single direction, so that there are no restrictions on the type of resin which 
may be inpregnated during execution, and the impregnation properties are very good. In particular, resin which polym- 
erizes and cures rapidly even at low tenperatures may be employed as the matrix resin, so that th«re no fimitation of 
the environmental conditions during execution, and it is possible achieve a great shortening of the execution time. Fur- 
thermore, since this textile enploys composite threads for the weft which have a lower tensile elastic modulus than that 
of the warp, and after weaving, the textile is heated to a temperature above the melting point of the low melting point 
fibers forning the composite threads and the weft and warp are appropriately adhered, the handling properties dunng 
execution are extremely good, and problems such as a disanangement off the orientation off the ftoers dunng executfon. 
and a decrease in the reirrforcement effect, do not occur. 

In the present invention, it is possible to employ f foers which are commonly employed as reinforcement f bers as 
thefbers used in the warp, so that inorganic fbers such as carbon fbers or the like, and organic fbers such as aramide 
fibers or the like, may be emptoyed; however, high strength and highly elastic fibers having a tensile strength of 3 GPa 
or more and a tensile elastic modulus of 150 GPa or more are preferaWa High strength carbon fbers having a tensite 
strength of 4 GPa or more are particularty preferable as they provide superior reinforcement effects. 

In the present invention, a composite thread comprising two types of fbers having a melting point difference of 
50'*Cor more is used as the weft The fber with the high melting point in the composite thread is the basic weft; this 
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functions as the weft at least until the end of execution. Accordingly, a certain amount of strength and elastic modulus 
is required: howa^er, the tensile elastic modulus must be less than that of the warp. When the tensile elastic modulus 
is greater than that of the warp; the warp tends to drift in th longitudinal direction, and sufficient tensile strength is not 
attained. The preferred tensile elastic modulus range of the weft 50 - 100 GPa. Furthennore, in order to prevent a 

5 disordering of the orientation of the f bers diring execution, it is very irrportant that this does not dfesolve in the resin 
which forms the matrix resin. Exarrples of such high melting point f bers indud glass f il>ers; however, these f toers are 
not necessarily limited to this exarrple. 

The low melting point facers are fibers which are necessary in order to cai^ the warp and weft to become unitary 
after weaving and in order to provide superior handling properties. Without these low melting point fibers, a disordering 

10 of the fbers during handling is likely to occur, and sufficient reinforcement dfeds cannot be obtained. Examples of 
these low m^ng point fibers include low melting point polyamide f toers, polyester ftoers. and potyolefin fibers; however, 
these ftoers are not necessarily restricted to these examples. 

The two types of ftoers desatoed atxwe are necessary components of the composite threads which are emplcyed 
in the weft; however, in order to improve the handling properties during execution by unifying these two types of fibers 

15 and strengthening the adhesion between the warp and weft prior to the irrpregnation of resin, it is preferable to use 

. r conposite thraads to.which.have.been applied 0.5 - -10 weight percent of ahigh nioleailar compoi^ which rnetts^OTr 
softens at a tenperature of 1 00"C or less. The high molecular connpound which is deposited is not particulariy restricted 
insofar as it is a conpound which melts or softens at a temperature of 150*»C or less; however, compounds which are 
water-soluble or are capable of forming an aqueous emulsion are preferable, since they facilitate the process of depo- 

20 silion onto the composite threads. Examples of such high molecular compounds include polyvinyl acetate, ethylene- 
vinyl acetate copolymer, vinyl acetate- acrylic copolynier. polyacrylic ester, polyester, polyethylene, and polybutadiene 
system copolymers; however, these compounds are rwrt necessarily limited to the examples given. 

The low melting point ftoers used in the weft of the present invention and the high molecular compound which metis 
or softens at temperatures of 150**C or less contrtoute to the superior handling properties of the anisotropic textiles; 

25 however, from the point of view of the mechanical properties after curing, particularty the generation off tensile strength, 
it is desirable that the restriction of the warp by the weft be weak. Accordingly, it is destrattle to choose k3w melting point 
ftoers and a high molecular compound which gradually change to a non-adhesive state as a resiit of the reactive mix- 
ture inpregnated during execution, and to control the amount of high molecular compound deposited. In particular, it is 
pr^eraWe that the high nrtolecular compound be somewtiat solitole in the reactive mixture which is impregnated during 

30 execution, and it is desirable that this corrpound be selected in concert with the reactive mixture which is irrpregnated. 
Furthermore, from the point of view of providing strength after curing, it is desirable that the weft be as thin as pos- 
sible, so that the weight per meter of the f ber is preferably 0.1 g or less, and nrwre preferatrfy within a range of 0.01 - 
0.05 g. 

The pref&able ratio of the high melting point fbers and the k3w melting point ftoers in the corrposrte threads is such 
35 that, in volumetric ratio, with respect to one unit of high melting pointf torn, the tow melting pointfibers should be within 
a range of 0.25 - 2.0, and a range of 0.5 - 1 .5 is iDore preferable from the point off view off the adhesive properties and 
the mechanrcal properties. 

The w^ spacing in the anisotropic textile off the present invention is witttin a range off 3 - 1 5 mm. When the spacing 
is less than 3 mn, the drift of the warp in the longitucOnal direction cannot be ignored, and sufficient tensile strength will 

40 not l)e attained after curing of irrpregnation resin, while when the spacing is greater than 15 mm, the handling proper- 
ties of the sheet material worsen, and this is not desirable. A more preferable weft spacing range is 4 - 10 mm. 

Any resin may be employed as the resin which is used in combination with the anisotropic textile insofar as it 
obtains sufficient repair and reinforcement effects, is easily irrpregnated into the anisotropic textile at room terrpera- 
tures, and exhilMts sufficient slr^rgth after curing; however, in order to produce sufficient repair and reinforcement 

45 effects in a comparatively short period of time without controlling the environmental conditions, it is necessary to enplcy 
a resin which initiates polymerization even at 5**C. and in which curing proceeds to a level which exhil)its sufficient 
strength in a comparatively short period off time. It is possittle to use 24 hours as a period during which curing proceeds 
to a level which is exhtoits sufffkaent strength; however, a pertod of 6 hours or less is preferable in order to effffciently 
conduct operations, and a pertod of 3 hours or less is even more preferaUa On the other hand, from the point of view 

50 Of fadlitating the operation in which the resin is impregnated into the anisotropte textile, it is necessary that the resin 
which is employed have a period of use whtoh is 10 minutes or greater, and preferably 15 minutes or greater, at room 
terrperatures, and accordingly, the reactive mixtures descrtoed above, in which the curing reaction proceeds rapkily 
after the initiatton of polymerization, and curing is conducted with a radical chain reactton are preferable The most pref- 
erable reactive mixture is one which has a pertod off use off 30 minutes or more at room temperature and in whtoh curing 

55 proceeds to a level which exhibits suff toient strength within a p«iod off 3 hours. 
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EnrixxJiments 

Hereinbelcw, the present invention will be discussed in greater detail using emlxxfiments. In thes embodiments, 
Mparts* refers to l3arts per weiQ^'. 

5 

(EmbocEment 1) 

Glass ftoers (having a tensile elastic modulus of 72.5 GPa, a melting point of 840*»C, and a specific gravity of 2.54 
g/cm^) having a TCX nurrber of 22.5 (0.0225 gMi) were twisted together with low melting point pdyamide multifilaments 
10 (having a melting point of 1 25*C and a specific gravity of 1 .08 QfctrP) having a total denier off 70 deniers, and an ethyl- 
ene vinyl acetate copolynDer (having a melting point of 80°C) w^ deposited thereon in an amount of 1 .5g per 1 000m 
of the twisted thread; and a composite thread, which served as the weft, was obtained. The weight per meter of this 
conposite thread was approximately 0.03 g, and the ratio off the high meHing point f ft>ers and the low melting point fibers 
was 1 X).8 in volumetric ratia 

IS PyrofilTR30G carbon ftoers (having a tensfle strength off 4.5 GPa, a tensile elastic modulus of 235 GPa and a ffil- 
„ .^ ament count of. 

used as the warp, while the composite thread described above was used as the weft, weaving was accomplished so 
that the weft spacing was 5 mm, and an anisotropic textile was obtained. Furthermore, by passing thfe textile through a 
pair of follefB heated to 180°C. the ansotropic textile off the present invention, in which the warp and weft partially 

20 adhered to one another, was obtained. The anisotropic textile which was obtained was f lexble and extremely easy to 
handle, since somewhat rough handling thereoff did not cause disordering of the fffl^ers or breakdown off the weave. 

70 parts off methyl methacrylate, two parts of 1 ,3-butylene glycol dimettiacrylate, 25 parts off butyl acrylate macrom- 
onomer having a number-average molecular weight of 6.000 and having a methacrylic group on the terminus thereoff, 
one part of n-parafffia and 1 part off rmethacryloxypropyl trimelhoxysilane were suffficienlty mixed so as to be unifbrm. 

25 and then finally one part off N,ffsl-dinf)ethyl-p-toluidine was added and mixed, and this produced the reactive mixture con- 
taining no organic peroxide. 

The viscosity at 20*»C thereoff was measured and found to be 75 centipoise. 

A reactive mixti^e resulting from the addition off two parts of benzoyl peroxide diluted to 50% with a plasticizer to 
100 parts off the reactive mixture described above was impregnated into two plies of the above anisotropic textiles so 
30 that the resin weight reached approximately 1000 g/m?. and this was allowed to stand ffor one hour at a standard tem- 
perature (20°C), and cured. A tension test piece was produced from the composite obtained, and was evaluated. When 
converted to a fber content ratio of 100% (dividing by the theoretical thickness off the anisotropic textile), the t^le 
strength was 390 kgffAnm^ (3.82 GPa), and it was thus conffirmed that sufficient strength was present Furthermore, the 
impregnation properties off the resin were extremely good. 

35 

(Embodiment 2) 

Two parts off benzoyl peroxide diluted to 50% in a plasticizer were added to 100 parts off tffie reactive mixhx^e of 
enixxliment 1 , and this was applied in an anxnint off 250 g/m? to the surface off a concrete bending test piece in con- 
40 fbrmity with JIS A1 1 32 to which the anisotropic textile was to be affffixed (the side suk^ect to tensile deformation) , and an 
anisotropic fertile identical to that of embodment 1 was affixed thereto so that the orientation direction off the reinforce- 
ment ifbets was aligned with the longitudinal direction off the concrete test piece, and thereafter, the reactive mixture 
was applied thereon to amount off 250 g/rii^, this was impregnated into the anisotropic textile, and was allowed to stand. 
The gelling time at tff>e standard temperature (20**C) off the reactive mixture was approximately 25 minutes; however, 
45 since the anisotropic textile was easy to hancfle and the impregnation of the reactive mixture was also extremely good, 
the operation proceeded smoothly, and it was a simple matter to conduct the operation off affixing the textile to six test 
spots in the space off a few minutes. TTie curing was completed in a period off approximately 1 hour from the admixture 
of an organic peroxide (the benzoyl peroxide diluted to 50% in a plasticizer). and the bonding to the concrete after a 
period of one hour and a half was evaluated using a bonding test by the Buikling Research Institute method in accord- 
so ance with JIS A6909. Breakage occurred at tfie concrete portions, so that it was determined that suffffident adffiesive 
strength was obtained. Next a bending test in accordance with JIS A1 106 was executed, and the reinforcement effects 
were conffimied. The results off a bending test without reinfforcemenl were 90 kgf^cm^ (8.8ffi^Pa), while the results when 
reinforcement was conducted were 160 l^cm^ (15.7 MPa). 

55 (Embocfiment 3) 

Test pieces were produced and eratuated in the same manner as in emtxxJiment 2, with the exception that the 
operation in which th textile was affixed to the concrete test piece was conducted at 5''C. Even at 5°C, curing was suf- 
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f ident after 2 hour^ and in the bonding test, breakage occurred at the concrete portion. Furthermorep the bending 
strength increased, at 155 kgf/cm^ (15.2 MPa). and suffictent reinforcement effects were thus confirmed even as a 
result of execution at tew terrperatures. 

(Embodiments 4 - 16, Comparative Examples 1-6) 

Conposite test pieces were produced and evaluated using anisotropic textiles identical to those of emtxxiiment 1 , 
with the exception that the composition of the composite thread used as the weft, and the spacing of the weft in the ani- 
sotropic text'le. differed. The composition of the anisotropic textiles and the results of the evaluations are shown in 
tak)les 1 .2,3 arxi 4. ITie abbreviatioris and references in the tables are as given t)elcw. 

CF: PyrofH TR30G cartx)n fil>efs produced by Mitsut>ishi Rayon Co. iJd. 

TTie numbers in the tables refer to the CF areal weight of the anisotropic textile. 

r^r^ -^GF:rglass^3:>er&.(having.a^tensile elastic rrxxJulus o^ a melting point of. 840^ arKt-a.spedfic.gravity^ol. 

2.54 g^cm?) 

PA: lew nrielting point polyamide multi filaments (having a melting point of 125''C and a specific gravity of 1.08 
gAcm^) 

PE: low melting point polyester muttif Haments (having a melting point of 130^C and a specific gravity off g/crrf ) 
PO: low melting point polyolefin muttifitaments (having a melting poirrt of lOO^'C and a specific gravity of g/cm?) 

The number shown under headings GE - PO in the tables indicate the weights per unit length of each f S)er used in 
the weft of the anisotropic textile. 

EV: ^hylene vinyl acetate copolymer (having a melting point of SO^'C) 
AC: acrylic system copolymer (having a melting point of 75'*C) 

The numerals in the t^e refer to the weight percent of high molecular compound in the composite thread. 

Handling properties, impregnation properties of the resin: DoU)le circle... extremely good. Circle... good. Triangle... 

somewhat poor, and X... poor 

Tensile strer)gth: shown in units of kgt^nvn^ 
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50 (Embodiment 17) 

70 parts of methyl methacrylate, two parts of 1 ,3-butylene glycol dimethacrylate. 25 parts n-butyl acrylate macrom- 
onomer having a number average molecular weight of 6.000 and having a m^hacryttc group on the terminal thereof, 
one part of n-paraffln. and one part of r-methacrylcKypropyl trimethoxysilane were sufficiently mixed so as to be uni- 
55 form, and then two parts off N,^klimethyl-p-toluidine were added, and the reactive mixture A containing no organic per- 
oxides was obtained. 

TYie viscosity at 20^*0 was measured and found to be 75 centipoise. 

Furthermore, a reactive mixtur B containing organic peroxides and containing no curing promoter was ot>tained 
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by adding four parts of benzoyl peroxide diluted to 50% with a plastidzer in place of the two parts of N»N-dimethyl-p- 
toluidine desabed above. 

The viscosity thereof was measured at 20^C and found to be 75 centipoisa 

The reactive niixture A descried above was applied to the surface of a cona^e bending test piece to which the 
5 anisotropic textile was to be affixed so as to reach a level of 250 gAn^, and after an anisotropic textile identical to that 
of embodiment 1 was affixed thereto, reactive mixture B was applied thereon in an anrwunt of 250 gMi^. and this impreg- 
nated into the anisotropic textile and was allowed to stand. Reactive mixture A and reactive mixture B were both stable 
at standard temperatures in isolation; however, after mixing, a reaction rapidly proceeded, and gelling occurred after 
approximately 30 minutes. Since both reactive mixtures A and B impregnated into the anisotropic textile extremely well, 
10 the operation preceded smoothly, and it was posstfctle to complete the affixing of the textile to six test pieces in a few 
minutes. The curing was corrpleted in approximately one hour after the impregnation of reactive mixture B, arxi when 
a Building Research Instihite type test of the bondng to the conaete was conducted after a period of one and a half 
hours, the breakage occurred at the concrete portions, so that rt was confirmed that sufficient bondng strength was 
obtained. Next, a t>encfing test }Nas conducted, and the reinforcement effects were confirmed. The bending strengtti 
15 when reinforcement was not carried out was 90 kgf/cm? (8.8 MPa), whereas the bencfing strength when reinforcenf>ent 
was carried out was 150 kgi/cm^ (14.7 MPa). -.^^-rz-^.- : . 

(Embodment 18) 

20 10 parts of N,N-dimetfiyl-p-toluidine and 20 parts of n-butyl acrylate macromonomer having a number average 
molecular weight of 6,000 were dissolved in 70 parts methylettiylketone, and this was uniformly mixed. By means of 
treating an anisotropic textile identical to that of embodiment 1 with this mixture, an anisotropic textile was prepared on 
which was deposited, per square meter, 5 g of N,N-dimethyl-p-toluidine and 10 g of n-txityl acrylate macromonomer 
having a number average molecular weight of 6.000. 

^ 70 parts per weight of methyl methacrytate, 2 parts per weight of 1 ,3-butylene glycol dimethacrylate, 23 parts of n- 
butyt acrylate macronrK)nomer fiaving a number average molecular weight of 6,000 and having a methacrytate group on 
the terminal thereof, one part of n-paraffin, and one part of rvnethacryloxypropyl trimethoxysflane were mixed suffi- 
dentiy so as to become uniform, and then two parts of benzofi peroxide diluted to 50% in a plastidzer were added, and 
thus a reactive mixture containing an organic peroxide but not containing a curing pronxter was prepared. 

30 The viscosity thereof was measured at 20^C arxi was found to be 70 centipoise. 

The reactive mixture not containing a curing prorrxiter descnl)ed atxsve was applied to the surface of a corxrete 
bending test piece to which the anisotropic textile was to be affixed, in an amount of 250 g/m^. and then the anisotropic 
textile descrbed above, on which N.Nkdimethyt-p-toluidine was deposited, was affixed, and then the reactive mixture 
descrik)ed abwe was again applied thereon in an amount of 250 g/m?, arxi this was allowed to impregnate into the ard- 

35 sotropic textile and was allowed to Stand. 

The anisotropic textile deserved above was extren>ely easy to handle and the irrpregnation of the reactive mixture 
was also extremely good, so that the operation proceeded smoothly, and it was possi)le to affix the textile to 6 test 
pieces in the space of a few minutes. The curing was conducted in approximately 1 hour from the impregnation of the 
reactive mixture described above, and when Builcfing Research Institute type test of the bonding to the concrete was 

40 conducted after a period of one and half hours, the breakage occurred at ttie concrete portions, so that it was deter- 
mined that suff k;tent bonding strength ms obtained. Next, a bending test was earned out and ttie reinforcement effects 
were confirmed. As a result of the reinforcement, the bending strengtii increased to 165 kgf/cm? (16.2 Mpa). 

(Embocfiment 19) 

45 

Concrete bending test pieces were produced and evaluated which were reinforced with anisotropic textiles identical 
to tix)se of embodiment 2. with the exception that, in place of the n-txjtyl acrylate macronK>nomer. a polyester methacr- 
ytate containing allyl ettier groi4>s. whk:h was produced by reacting phthalic add, ethylene glycol, pentaerythritol trial- 
lylether, and methacrylic add. was empfoyed, and one part cobalt naphthenate was used as a curing pronfK>ter. The 
so viscosity of this reactive mixture at 20**C w^ found to t>e 250 centipoise. The gelling time at the standard temperature 
was approximately 30 minutes, and no problems were presented by the affixing operation of the anisotropic textile. Fur- 
thermore, ttie bending strengtti of ttie test pieces reinforced witti ttiis anisotropic textile was 160 kgf/crn^ (15.7 MPa), 
and it was ttius confirmed that suff foient reinforcement effects were obtained. 

55 (Embocfiment 20) 

Concrete bending test pieces were produced and evaluated which wer reinforced with anisotropic textiles kientical 
to those of embodiment 19. with the exception that in place of the polyester methacrytate containing allyl ether groups, 
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an epoxy methacrytate, which was obtained by reacting an epoxy resin containing 190 gfeq. of epoxy with m^hacryfic 
acid, was employed. 

The viscosity of this reactive mixture at 20*0 was found to be 350 centipoise. and the gelling time at the standard 
temperature was approximately 30 minutes, so that the affixing operation of tfie anisotropic textile presented no diff icul- 
5 ties. Furthermore, the bending strength of the test pieces reinforced with this anisotropic textile was 155 kgt/cm^ 
(15.2MPa)p and it was thus oonfinmed that sufficient reinforcement effects were obtained. 

(Embodiment 21) 

10 Concrete bending test pieces were produced and evaluated which were reinforced with anisotropic textiles identical 
to those of embodiment 19. with the exception that, in place of the polyester methacrytate containing allyl ether groups, 
an epoxy acrylate containing allyl ether groups, which was obtained by reacting phthalic add, a bisphenoi A type epoxy 
resin containing 875 epoxy equivalents (Epikote 1004. produced by VUka Shell Epoxy Corporation), pentaerythrrtol tri- 
allyl ether, and acrylic add, was employed. 

75 The viscosity of this reactive mixture at 20*'C was found to bQ 350 centpoise. arxJ the gelling time thereof at the 
standard temperature.was approximatelyrlS minutes, and no problems were presented by^the affixing operation^of.the^.. 
anisotropic textile. Furthermore, the berxJing strength of the test pieces reinforced with this anisotropic textile was 162 
kgf^cm^ (15.9 MPa), and it ms thus confirmed that suffident reinforcement effects were obtained. 

20 (Embodiment 22) 

Pyrofil TR-30Q cartx>n ft>ers (with a fflament count of 12.000) produced by Mitsubtshi Rayon Co. Ltd. were 
arranged in a single direction using a batten and a comb, with a width of 300 mm and at a spadng of 2.5 mm. and 
threads, in which glass f i)ers having TEX number 22.5 (the ECG225 1/0 standard) and low melting point nylon fibers 

25 (having a melting point of 125**C) of 70 deniers were Intertwined, were arranged so as to t>e perpendicular to the carbon 
f bers in both surfaces with a spadng in each surface of 25 mm. arranged in an alt^nating manner in both surfaces so 
that the sheet as a whole had a spadng of 12.5 mm, and this was then heat melted using a heat press at a temperature 
of ISO^'C, and thereby, a sheet material 1 comprising reinforcement fbers was obtained. 

The preparation of the resin was as follows: first, as component (1 ), 60 parts metfryl methacrylate/1 0 parts 2-e^- 

30 hexyl acrylate/2 parts 1 ,3-butylene glycol dimethacrylate, 1 part of n-paraff in (having a melting point within a range of 
54 - 56*'C) as a paraffin wax. and one part of rmetfiacryloxypropyl trimethoxysilane as a silane coupling agent were 
nrtixed and heated to a tenrperature of 50*'C, and then 25 parts of an acrylic copolymer having an average molecular 
weight of 42000 arxJ compr^ng methyl metfiacrylate and n-butyl metfiacrytate in a 60/40 ratio (by weight) was added 
as component (2), and thereafter, while cooling, one part of N,N-dimetfiyf-p-toluidine was added, arxi a resin liquid was 

35 obtained. The viscosity at 20°C was HDeasured at 80 centipdsa 

Two parts of benzoyl peroxide diluted to 50% using a plastictzer was added to 1 00 parts of the atxyve resin liquid, 
this was mixed, and the reactive mixture was obtained (this is termed resin liquid 1). 

A base layer of resin liquid 1 was applied to a high strength quick curing concrete wall, arvi the sheet nraterial 1 
comprising reinforcement fibers was affixed on top of this, arxJ resin liquid 1 was again applied on top of this, and this 

40 was inrpregnated using a pile roller. 

Resin liquid 1 impregnated well into sheet material 1. Furthermore, resin liquid 1 was completely cured after a 
period of 30 minutes at the standard temperature (20^C), and was completely cured after a period of 1 hour even at a 
low temperature (5°C) and exhibited suffident elasticity and strength. The bonding to the concr^e was good, and when 
Building Research Institute type bonding test was conducted aft^ a period of 1 hour of resin curing at the standard tem- 

45 perature, the strength was found to t>e 50 kg^cm^ (4.9 MPa), and even under fow temperature curing corxlitions. the 
strength after 1 hour of curing was found to be 48 l^cm? (4.7 MPa), and breakage occurred within the concreta 

Bending tests and compression tests were conducted using conaete sanrple pieces to which sheet material 1 was 
affixed at the standard temperature, and the reinforcement effects were confirmed. The bending strength was 87 
kg/cm? (8.5 MPa) when reinforcement was not conducted, while when reinforcement was conducted, this strength rose 

50 to 166 kg/cm^ (16.3 MPa). The compression strength was tested in accordance with JIS A1 108, using a concrete test 
piece having a cfiameter of 10 cm and a height of 20 cm. on which one layer of sheet material 1 was affixed so at the 
starxlard temperature so ttiat the direction of orientation of the reinforcement f it>ers was the axial direction, arxJ on top 
of this, another layer was affixed so ttiat the directfon thereof was the drcumfererKial directfon. arxi the overlap length 
was 10 cm. The strength wh^ reinforcement was not conducted was 274 kg/cm^ (26.9 MPa). whereas when reinforce- 

55 ment was conducted, the strength rose to 552 kg/cm^ (54.1 Mpa). The proportion of resin contained in the repair and 
reinforcenrtent layer was 62 weigfit percent. 
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(Enribociment23) 

Pyrofil TR-30Q carbon f S>ers (with a filament count of 12000) produced by Mitsubishi Rayon Ca Ltd. were used for the 
warp at 10 per inch, while glass fibers (the ECG 450-1A) standard) were used for the weft at 6 per inch, and these were 
5 woven together to produce a screen shaped cart)on fber woven doth 2. 

The execution properties and reinforcement effects were assessed in the same manner as in embodiment 22. with 
the exception that this woven doth 2 was used in place of the sheet material 1. 

The resin liquid 1 impregnated wed into the woven doth 2. Furthermore, the resin liquid 1 cured completely in a 
period of 30 minutes at the standard temperature (20*^0). and even at low temperature (5^C), was completely cured 
10 after a period of 1 hour and exhMed suffident elasticity and strength. 

The bonding to the concrete was good, and when a bonding test t)y the Buikfing Research Institute method was 
carried out after one hour of resin curing at the starKtard temperature, the strer)gth was found to be 48 kg/cnrf (4.7 
MPa), and the breakage was within the concreta 

The results of a bending test and a compression test were that the t)ending strength was 160 kg/cm^ (15.7 MPa), 
IS while the conpressive strength was 550 kg/cnrf (53.9 MPa). The proportion of resin contained in tf)e repair and rein- 
: r . ^ lorcement layer was 65 weigWpercent^^:-^ - r^ ^r^r irrr^r.^ -:n^_^:r : : .^^^^ 

(Embedment 24) 

20 Pyrdil TR-30G cartxHi f bers (with a f Oament count of 1 2000) produced by Mitsubishi Rayon Ca Ltd. were used for 
the warp at 10 per inch, arxl threads in which glass fibers (the ECG 450-1A) standaid) and low melting point nylon 
(pdyamide) fbers (having a melting point of 125*^0) were intertwined, were used as the weft at 6 per inch, and these 
were woven, and sut>sequently a temperature of 1 80°C was applied thereta to produce a screen shaped cartxxi fber 
wot^en doth 3 (anisotropic textile). 

2s The execution properties and reinforcement effects were assessed in the same manner as in embodiment 22, with 
the exception that this woven doth 3 was used in place of the sheet material 1. 

The resin liquid 1 impregnated easily into the woven doth 3. Furthermore, the resin liquid 1 cured completely in a 
period of 30 minutes, and even at low temperature (5*'C), the resin cured corrpletely after a period of 1 hour, and exhib- 
ited suffident elasticity arxl strength. 

30 The bonding to the conaete was good, arvj when a bonding test t>y Building Research Institute method was carried 
out after a period of one hour of resin curing at the standard temperature, the strength was found to be 48 kg/cm^ (4.7 
MPa), and even under low temperature curing ccMiditions, a strength of 48 kg/cm? (4.7 MPa) was obt^ned after a curing 
period of one hour, and the breakage was within the concreta 

The results of a t>ending test and a compression test were that the bending str^^gth was 160 kg/cm^ (15.7 MPa), 

35 while the compressive strength was 552 kg/cm^ (54.1 MPa). The proportion of resin contained in the repair and rein- 
forcement layer was 60 wei^ percent 

(Embodiment 25) 

40 Pyrofil TR-30Q carbon fit)ers (with a filament count of 1 2000) produced by MitsutMshi Rayon Co. Ltd. were arranged 
using a batten arxi a conib in a single direction with a width of 300 nvn and a s^ 

of this, Nisseki Kbnwed Net ON5050 (havir>g a weight of 7 gAn^ arxl an 8 mm x 8 mm krwl) produced by Nisseki Sheet 
Pallet System Corporation were disposed as heat-fi^e nets, and tiiis was passed through heated rollers at a temper- 
ature of 100^C and at a pressure of 1 kg/cm? (0.1 MPa) for a period of 40 seconds, and by thus melting the meltable 
45 net surfaces and attaching them to the cartxxi tbers, a sheet material 4 comprising reinforcement fibers was obtained. 
The execution properties and reinforcement effects were assessed in the same manner as in embodiment 22, with 
the exception that tiiis sheet material 1 was used in place of the sheet material 4. 

The resin liquid 1 impregnated easily into the woven doth 4. Furthermore, the resin liquid 1 cured completely after 
a period of 30 minutes, and even at \cw temperature (5''C), the curing was completed after a period of 1 hour, and suf- 
50 f ident elasticity and strength were exhit)ited. 

The bonding to the concrete was good, and when a borvJing test by the Buikfing Research Institute method was 
conducted after a period of one hour of resin curing at the standard temperature, the strength was found to be 49 
kg/cm^ (4.8 MPa). and the breakage was within the concrete 

The results of a bending test and a compression test were ttiat tfte bending strength was 161 kg/on^ (15.8 MPa), 
55 white the compressive strer>gth was 548 kg/cm? (53.7 MPa). 
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(Embodiment 26) 

Pyrofil TR-30G caxton fibers (with a filament count of 1 2000) produced by Mitsubisht Rayon Ca Ltd. were arranged 
in a single direction using a batten and a comb at a width of 300 mm and at a spacing of 2.5 mm, and on t)oth surfaces 
5 thereof.theDaiamidspan(fiavinga weigfrt of 13 g/m?) produced by Daicell-Huls non- 
woven fabric, and this was passed through heated rollers at a temperature of 1 30''C and at a pressure of 1 kg/cnf for 
a period of 40 seconds, and by means of thus melting the heat-fusble non-wcv&i fabric and attaching them to the car- 
bon fibers, a sheet material 5 comprising reinforcement f it>er5 was obtained. 

The execution properties and reinforcement effects were assessed in the same manner as in embodiment 22, with 
10 the exception tfiat this sheet material 5 was used in place of the sheet material 1. 

With respect to the execution properties, resin liquid 1 impregnated easily into she^ material 5. Furthermore, resin 
liquid 1 cured completely after a period of 30 minutes, arxi even at low temperature (5^0), the curing was completed 
after a period of 1 hour, and suff ident elasticity and strength were exhibited. 

The adhesion with the conaete was good, and when a bonding test by the Building Research Institute metfKxJ was 
15 conducted after one hour of resin curing at the starxlard temperature, the strength was found to be 45 kg/cm^ (4.4 

- - MPa), and the breakage was within the concrete. . - ^ ^ ~ „ . .. _^ . ^ .: ~ „ rr-::^ - 

The results of a bending test and a compression test were tfiat the bending strength was 125 kg/cm^ (12.3 MPa), 
while the compressive strength was 532 kg/cm^ (52.2 MPa). 

20 (Embodiment 27) 

A resin was prepared in tfie following manner: first, one part of n-paraffin (having a melting point within a range of 
54 - 56^C) was added as a paraffin wax to component (1) comprising 51 parts of metfiyl methacrylate, 20 parts of rf- 
butyl methacrylate, and 3 parts of ethylene glycol dimethacrylate, arxJ thte nvxture was heated to 50°C and mixed, and 
25 during this process, a component (2) comprising 24 parts of an acrylic copolymer having an average molecular weigtit 
of 95.000 and comprising methyl m^hacrytate and metfiyl acrytate in a ratio of 97/3 (by weight) was added and cfis- 
solved therein, and tfiereafter, one part of N,N-dimethyl-p-totuidine was added while cooling as a curing promoter, arxl 
the resin liquid was obtained. The viscosity thereof at 20°C was found to be 700 centipoise. 

Two parts of t>enzoyl peroxide diluted to 50% in a ptastidzer was added per 1 00 parts of the atx3ve resin liquid, and 
30 this was used hereinbelow (this is termed resin liquid 2). 

The execution properties arxl reinforcement effects were assessed in the same manner as in embodiment 22, with 
the exception that this resin liquid 2 was used in place of the resin liquid 1. 

Resin liquid 2 inpregnated easily into sheet material 1. Furthermore, resin liquid 2 was completely cured after a 
period of 30 minutes, and even at low temperatures (5*^0), the curing was corrplete after a period of one hour, and suf- 
35 f ident elasticity and strength were exhbited. The bonding strength to the concrete was good, arxl when a bondng test 
by tfte Building Research Institute rnetfxxJ was corxluded after a period of oriefKXjr of resin curi 
perature, the strength was found to t>e 47 kgfcn^ (4.6 MPa), arxJ the breakage occurred within the concrete. 

The results of tfie bending test and the compression test were tfiat the bendirtg strength was 164 kg/cm^ (16.1 
MPa) and the compression strength was 550 kg^cm^ (53.9 MPa). The proportion of resin contained in the repair and 
40 reinforcement layer was 63 weight percent. 

(Comparative Example 7) 

60 parts of t>isph^x)l A type epoxy resin (Ep 828, produced t>yVlika Shell Epoxy Corporation). 40 parts of trimetfi- 
45 yk^propane trigtyddyl ether (Ad^ Cilycerol ED-505, produced by Asahi Denka Industries) and 45 parts of an aliphato 
polyamine modf ied curing agent (Ancamine 2021 . produced by ACI Japan) were mixed, and thereby a room-tempera- 
ture-curing-type epoxy system resin liquid 3 (5700 centipdse at 20^C using a B type viscometer) was obtained. 

The execution properties and reinforcement effects were assessed in the same manner as in emkxxiiment 22, with 
the exception that this epoxy system resin liquid 3 was used in place of the resin liquid 1 . 
50 It was difficult to impregnate resin liquid 3 into sheet material 1 . Furthermore, altfKXigh the stickiness of tfie resin 
liquid 3 disappeared after it was alk>wed to star>d aft the starKlard temperature ^ 

tfiereof were poor, and a period of 7 days was required t)6fore suff k;ient elasticity and strength were obtained. Further- 
more, at tow temperatures, 5 days were required for the stickiness thereof to disappear, and 20 days were rec^ired to 
exhitHt suffident elastictty and strength, arxl the adhesion strength with the concrete was poor, so that when an adhe- 
55 sion test was conducted after the passage of half a day at the standard temperature, the strength was 39 l^cm^ (3.8 
MPa), and txeakage occurred at the interface between tfie concrete and tfte sheet material comprising strengthening 
fft)ers. 

The results of a t>ending test and a oorrpression test conducted on a test piece which was albwed to conpletely 
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cure at standard temperatures resulted in a bending strength of 164 kg/cm? (16.1 MPa) and a conipression strength of 
540 kg/cm2 (53.0 MPa). 

(Comparative Exarrple 8) 

5 

PyroftI TR-30G cartxxi fbers (hairing a filament count of 12000) produced Mitsiit)ishi Rayon Ca Ltd. were cfis- 
posed so as to have a spacing of 2.5 mm in an arranged manner on a resin film, in which a bisphenol A type epoxy resin 
(Ep 834, produced t}y VUka Shell Epoxy Corporation) was applied on release paper at a weight of 30 g/rn^. and tvy 
applying heat pressing, the resin was impregnated into the carbon fibers, and a sheet material 6 comprising reirrforce- 
10 ment ifbets was obtained. 

The execution properties were assessed in the same manner as in embodiment 22, with the exception that this 
sheet material 6 was employed in place of sheet material 1 . 

With respect to tfie execution properties, resin liquid 1 impregnated into sheet material 6; however, tfits caused 
great drift and dteoider in fhe carixm fa:>er5. Furthermore, the surface of resin liquid 1 was free of sticking after 30 min- 
IS utes at standard temperatures, but the interface t>etween the sheet material and the concrete, and the interior of the 
r . sheet material, wm not curedrand these areas remained urx^ured even after the passage of 5 days.r— 7 - . r.^ 

(Embocfiment28) 

20 As a sheet material comprising reinforcement fit>ers, Pyrofi TR-30G cartxxi fbers (having a filament count of 
1 2000) produced by Mitsubishi Rayon Co. Ltd. were arranged using a k>att^ in a strYgle direction at a width of 300 mm 
and spacing of 2.5 nrvn, and heat-fiisat)le f ft>ers. resulting from the twining of long glass ffb&s ECD450, 1/2 (having a 
TEX number of 22.5) and bw melting point nylon (polyamide) filaments (having a melting poirrt of 1 25''C) of 50 deniers, 
were plain woven with a spacir^ of 10 mm in a direction perpendicular to that of the carbon fft>ers, arxl thereafter, this 
25 was passed throuc^ heating rollers at a temperature of 180°C and at a pressure of 1 kg/cm^(0.1 Mpa) for a period of 
40 seconds, and a sheet material I (anisotropic textile) comprising reinforcement f bers having a cartxm f ft>er weight of 
300 g/im^ was obtained, and this was taken up on a paper roller. 

The preparation of the resin was as folkTws: first, one part of n-paraff in (having a melting point within 54 - 56^C), as 
a paraffin wax, and 1 part of T^metfiacryloxypropyl trimethoxysilane. as a silane coupling agent, were added to compo- 
se nent (1 ) comprising 60 parts of methyl methacrylate, 1 0 parts of 2-ethythexyl acrylate, and 2 parts of 1 ,3-butytene glycol 
dim^hacrylate, and this was heated to SO'^C while mixing, and during thte process, a component (2) comprising 25 
parts of an acrylic copolymer having an average molecular weight of 42000 and comprising methyl methacrylate and 
n-txityl methacrylate in a ratio of 60/40 (by weight) was dissolved therein, and while cooling this, two parts of N,N<iime- 
thyt-fhtoluidine was added as a curing promoter, and a resin liquid A1 was obtained. The viscosity thereof at 2a'C was 
35 fbundtobeSOcentipoise: 

Instead of adding two parts of N,N-dimethyl-p-toluidine while coding, four parts of benzoyl peroxkie diluted to 50% 
in a ptastidzer was added as an organk; peroxkie to 1 00 parts of the re^n Ik^uki after coolirtg, arxl a resin Rqukl B1 was 
thus prepared. 

The viscosity thereof at 20'C was found to be 85 cent9X>ise. 

40 Both resin liqukis exhit}ited alnrK>st no change in viscosity even when allowed to stand for one week at tfie standard 
temperature, and thus exhbited suffksent stability. 

Using a doctor coater, resin lk|uki A1 was coated on release paper so to reach a resin w^ght of 200 gAn^, and the 
sheet material I comprising reinforcement fibers which was described above, and a separated piece of paper, were 
placed there on, and a prepreg A1 was obtained by subjecting this to pressure using rubber rollers at room temperature. 

45 Resin liquid B1 was first suffk;iently applied using a brush to the concrete surface, and then the prepreg A1 
descrit>ed above was lakt thereon with the release paper removed, and after tfiat, resin Iquki B1 was applied thereon 
to the entire surface of the prepreg using a roller, and this was allowed to impregnate and mix well. The prepreg was 
cured being altowed to stand for a period of 30 minutes at room temperature (23°C). A portfon of the cured prepreg 
was subjected to a bonding test by the BuiUing Research Institute metfiod in which this portfon was stripped from tfie 

50 concrete, in accordance wHh JIS A6909. A strength of 800 kgAI 600 mm? (50 kg/cm^, 4.9 MPa) was obtained, and the 
prepreg was stripped off along with concrete, so that suffk;ient curing properties and adhesive properties were 
obtained. Furtfiermore, suffkaent reinforcen^ent strerigth was exhibited. The proportfon of resin present in the repair and 
reinforcement layer was 57 weight percent. 

55 (Embodment 29) 

Glass fbers (having a tensile elastic nxxiulus of 72.5 GPa, a melting point of 840''C, and a specif k; gravity of 2.54 
QfcTT?) having a TEX number of 22.5 (0.0225 g/m) were twined together with tow melting point polyamkJe multifilaments 
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(having a meWng poirt of 12yC and a specific gravity 

ene vinyl acetate copolymer (having a melting point of 80*C) was deposited thereon in an amount of 1 .5 g per 1 000 m 
of the twined thread, to produce a composite thread. The weight per meter of this composite thread was approximately 
0.03 g, and the composite ratio between the high melting point fl>ers and the k)w meWng point fibers was 1 :0.8 in vol- 
umetric ratia 

Using Pyrof il TR30G carbon f toers (having a tensile strength of 4.5 GPa, a tensile elastic modulus of 235 GPa. and 
a filament count of 12000) produced by Mitsubishi Rayon Co. Ltd. arranged so that the f ber weight was 300 gftr? as 
the warjx and using the composite thread descrtoed above as the weft, weaving was conducted so that the weft spacing 
was 5 mm, and bjf passing this textile through a pair of rollers heated to a temperature of 1 80°C, the warp and weft par- 
tially adhered to one another, and a sheet material comprising reinforcement fibers (the anisotropic texble of the present 
invention) was obtained. 

70 parts of methyl methacrylate, two parts of 1 ,3-butylene glycol dimelhacrylate. 25 parts of n-butyl acrylate mac- 
romonomer having a number average molecular weight of 6,000 and possessing a melhacrylic group on the tenninus 
thereof, one part of n-paraffin. and one part of rmethacrytoxypropyl trimelhcxysilane, were sufficiently mixed so as to 
become uniform, and two parts of N.N^imethyl-p-toluidine were added thereto and mixed, and thus a resin liquid A 
containing a curing promoter but not containing a curing agent, was obtained. The viscosity.of theiesin at 20*?C was 75 
centipoise. 

Furthennore, a resin liquid B containing a curing agent (an organic peroxide) but not containing a curing promoter 
was obtained by adding, in place of the two parts of N.NWimetftyi-p-toluidine, four parts of benzoyl peroxide. The vis- 
cosity of the resin at 20*^0 was found to be 75 centipoise. 

Resin liquid A was apph'ed to the surface of a conaete bending te^ piece in accordance with JIS A1 132 to which 
the sheet material comprising reinforcement ftoers was to be applied, using a pile roller (the roller having the brand 
name Uu Roller* produced by Otsuka Brush Mfg. Corporation) so as to reach a level of 125 g/hf, and then the sheet 
material comprising reinforcement fibers was affixed to the concrete test piece so that the longitudinal direclfon of the 
conaete test piece coincided with the direction of orientation of the reinforcement fbers, and then the sheet material 
comprising reinforcement fbers was lightly pressed into the surface to which the resin liquid A had been applied, so that 
resin fiquid A was lightly inpregnated. On top of this, resin liquid B was applied using a pile roller so as to reach a level 
of 250 g/m^, and this was impregnated into the sfieet material comprising reinforcement fibers. Resin liquid A was then 
appfied using a pile roller to the surface to which the resin liquid B had been applied so as to reach a level of 125 g/rn^, 
and finally the impregnation and mixing of both these lic^ids was promoted using a grooving roller, and this was then 
allowed to stand. Resin liquid A and resin liquid B were both independently stable at the standard temperature; how- 
ever, after mixing, the reaction rapidly progressed, and curing took place after approximately 30 ninutes. Both resin liq- 
uid A and resin liquid B impr^nated easily into the sheet material conprising reinforcem^ fbers, and the operation 
proceeded smoothly, so that a single person was easily able to complete the operation of affixing the material to 20 con- 
crete test pieces vwth a single round of resin preparation. Curing was complete within approximately one hour from the 
applwation of resin liquid B, and confirmation of thfe surface by touching revealed no curing drfkaendes. The bonding 
to the concrete was evaluated using the BuiWing Research Institute method after a period of one and half hours, and 
breakage was found to occur within the concrete portion, so that it was conf med that suffkaent bonding strength was 
obtained. 

Next, bending tests were carried out in accordance with JIS A1 106, and the reinforcement strength was confrmed. 
The bending strength was 90 kgVcm^ (8.8 MPa) when no reinforcement was carried out, while when reinforcement was 
carried out. this strength rose to 160 l^/cm^ (15.7 MPa). 

(Embodiment 30) 

Test pieces were produced and evaluated in the same manner as in embodiment 29, with the exception that the 
affixing operatfon to the concrete bending test pieces was carried out under conditions such that the tenperature was 
5*»C. Even at 5*»C. curing was suff ksent after a period of 2 hours, and no curing d^idendes could be found by touch. In 
the bonding test, the presence of breakage within the concrete was confimied. Furthemrore, the bending strength was 
158 kgf/cm^ (15.5 MPa), so that it was determined that sufffoient reinfbrcenient rffects were exhbited even at low tem- 
peratures. 

(Embodiment 31) 

In the same manner as in embodiment 29, a sheet material comprising reinforcement fibers (the anfeotropic textile 
of the present invention), and a resin liquid A and a resin liquid B, were prepared. 

The resin Ik^uid A described above was applied to the surface of concrete test pieces in accordance with JIS A1 1 32 
to which the sheet material comprising reinforcement fibers was to be affixed, using a pile roller and so as to achieve a 
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level of 125 gAn?, and the sheet material conrprising reinlbrcement f bers was affixed to the concrete test pieces so that 
the longitucfinal direction of the test pieces coincided with the cfirection of orientation of the reinforcement fit)ers, and th 
sheet material comprising reinforcement f bers was lightly impregnated with resin liquid A. "Rien on top of this, resin liq- 
uid B was applied in an amount of 250 g/mi^, and this was allowed to impregnate into the sheet material conrprising rein- 
forcement f toers, and furthermore, resin liquid A was applied in an amount of 250 gAn^ to the surface to which this resin 
liquid B had been applied, and a sheet material comprising reinforcement f bers was affixed to the concrete test piece 
so that the longitudinal direction of the concrete test piece coincided with the cfirection of orientation off the reinforce- 
ment f bers, and resin liquid A was lightly impregnated into the sheet material comprising reinforcement f bers. Next, on 
top of this, resin liquid B was applied in a similar manner in an amount of 250 gAn^, and this was allowed to inpregnate 
into the sheet material conrprising reinforcement fibers, and then resin liquid A was applied in an amount of 125 gAi^ 
in the same manner to the surface to which the resin liquid B had been applied, and the impregnation and mixing 
thereof was promoted using a grooving roller, and this was then allowed to stand. Resin liquid A and resin liquid B were 
txrth independently stat)le at the standard tenrperature; however, after mixing, the reaction therebetween proceeded 
r^ly, and curing occurred after approximately 30 minutes. 

Resin liquid A and resin liquid B both impregnated easily into the sheet material comprising reinforcement f bers, 
. and the^operatioi^proceededrcomparativ^ snfKXrthly, so that the affixing operation onto econcr^eJest pieces.prfc,^ 
sented no problems. 

The curing was completed in approximately 20 minutes from the application of resin liquid B. and no spots at which 
curing was deficient could be conf inned by touch. The bonding to the concrete was tested by the Building Research 
Institute method after 1 1/2 hours, and breakage was determined to occur in the concrete portion, so that it was con- 
firmed that sufficient bonding strength was obtained. 

(Enrbocfiment32) 

Pyrofill TR-30G carbon fibers (having a filament count of 12000) produced by Mitsubishi Rayon Co. Ltd. were 
arranged unidireclionally in sheet form using a batten and a conb and having a width of 300 mm and spacing of 2.5 
mm; and Daiamid spans (having a weight of 13 gtrrf) produced by Daicel-Huls Ltd. were disposed on both surfaces 
thereof as heal-fusiWe non-woven fabrics, and this was passed through heated rollers at a tenperature of 130*C and a 
pressure of 1 kgA^n^ for a period of 40 seconds, the heat-fusiWe non-woven fabric was melted and cai^ to adhere 
the carlxxi f bers, and thereby, a sheet material 5 comprising reinforcement fbers was obtained in the same manner as 
in enrbodment 26. 

The affixing of the sheet material onto concrete test pieces was conducted in the same manner as in enbodiment 
29, with the exception that this sheet material 5 comprising reinforcement fbers was enrployed as the sheet material 
comprising reinforcement fbers. The operation of affixing this sheet material to 20 concrete test pieces was easily com- 
pleted. Curing was conrpleted within approximately 1 hour from the application of resin liquid B, and no spots at which 
curing was defident were revealed by touch. The boncfing to the conaete was evaluated using the Building Research 
Institute method after 1 1/2 hours, and breakage was found to occur within the conaete, so that it was confinmed that 
sufficient borxiing strength was obtained. 

(Embodiment 33) 

In the sheet material comprising reinforcement fbers of embodiment 28, the spadng of the heat-fusible fibers was 
set to 5 nrwn, and a sheet material 1 1 conprising reinforcement fbers (the anisotropk; textile of the present invention) was 
oblained. 

30 m of this sheet material II comprising reinforcement fbers was measured, and this was wound around a paper 
tube of 15.4 cm0. 

The paper tube having the sheet material II comprising reinforcement fbers described above wound therearound 
was pfaced in a stainless steel container, and the resin liquid A1 of embodiment 28 was poured over this from above, 
so that the resin was placed in the container, this vras sealed, and the resin was allowed to impregnate into the sheet 
material II conrprising reinforcement fbers. This was altowed to inpregnate sufficiently by allowing the container to 
stand for a period of 2 days at room temperatura 

After inrpregnation, the roller containing the sheet material II conrprising reinforcenrtent fbers, containing sufficient 
resin liqiid A1, was retrieved from the stainless steel container, and excess resin was removed by light squeezing 
between rubber rollers, and the prepreg A2 was thus oblained. 

The resin liquid B1 of embodiment 28 was first sufficiently applied to the concrete surface using a brush, and then 
the prepreg A2 described above was laid on top of this, wher in after resin liquid B1 was applied over the entir surface 
of prepreg A2 using a brush and a roller, and allowed to soak in. The prepreg was cured by means of being to stand at 
room temperature (23*»C) for 30 minutes. 
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A Building Research Institute type bonding test was conducted in wtttch a portion of tti cured prepreg was stripped 
from the conaete in accordance with JtS A6909. A length of 783 kgAI 600 mm? (49 kg/cm^ ,4.8 MPa) was obtained, 
arxi conaete was stripped off along with th prepreg, so that suff ident curing properties and bonding properties wer 
obtained. Furthermore, sufficient reinforcement strength was exhbited. The proportion of resin contained in the repair 
5 arKi reinforcenrent layer was 62 weight percent. 

(Comparative Example 9) 

A mixed resin containing 50 parts per weight of Epikote 828 (produced by YUka Shell Epoxy Corporation) arxi 50 
10 parts per weight of ED505 (produced by Asahi Denka Corporation) was used in place of the resin liquid A1 of embodi- 
ment 28, and a prepreg (having a resin content of 40%) was obtained in the same manner as in emtxxiiment 28. 

1 part per weight of a mercaptan system curing agent (Capcure WR-6, produced t}y VUka Shell Corporation) and 
0.5 parts per waght of tris(dimethylaminomethyl) phenol (Epicure 301 0, produced t>y Vlika Shell Corporation) as a cur- 
ing pronxter were dissolved in 1 part per weight of acetone, and this curing agerrt solution was applied to the surface 
15 of concrete which had been treated with a primer, and then the prepreg described above was placed thereon, and the 
- - curing agent solution.wa& again.apptied thereta.TTiis was dried ar^ 

prepreg remained urKxred even after the passage of 12 hoursw After the passage of 5 days, there was no longer any 
surface stkMness, so that a bonding test tiy the Buikiing Research Institute metfKxl was conc&icted. The prepreg 
peeled away at the inner face wth the cor^crete. and the strer^gth thereof was 125 kg/1600 mm^ (8 kg/cm?, 0.8 MPa), 
20 so that curing was insuff kaent 

(Errixxiiment 34) 

The sheet material 1 comprising reinforcement f ft>er5 of embodiment 28 was covered with N.N-diisopropyl-p-toluki- 
25 ine powder in an average amount of 10 g/rr^ as a curing pronfK>ter, and thereby, a sheet material la comprising rein- 
forcement fibers on which a curing promoter was deposited was obtained. 

TTie resin liqukj B1 of emtxxiiment 28 was first suff k^'entiy applied to a concrete surfoce using a brush, and then, 
the sheet material 1 A comprising reinforcement fit>ers on which curing promoter was deposited was placed thereon, 
and after this, resin liquid B1 of emtxxjiment 28 was again applied over the entire surface of the sheet using a roller. 
30 The resin was cured by allowing this to starxJ for 30 minutes at room temperature (23°C). 

A bonding test by ftie Buikiing Research Institute method in whk;h a portion of the sheet nraterial comprising rein- 
forcement fibers whk^ was cured was stripped from the concrete, in accordance with JtS A6909, was conducted, and 
it was determined that the strengtti was 780 kg/1 600 mnrf (49 kg/cm^, 4.8 MPa) , and the concrete was stripped away 
together with the reinforcement fbers, so ttiat suffk^ent curing properties and txmding properties were obtained, and 
35 suff k;ient reinforcement strength was exhitMted.-The proportion of resin contained in the repair and reinforcement layer 
was 58 weight percent 

(Embodiment 35) 

40 41 .7 parts of Epikote 1004(proc&jcedby VUka SheH Epoxy (>orporation) were added to 20 parts of ni^^ 

ylate containing a polymerization inhibitor, and this was heated to a tenperature of 80°C and dissolved, and thereaft^-, 
0.8 parts of triethyl amine was added as a reaction catalyst, and this was allowed to react for a period of 8 hours while 
adding 3.5 parts of methacrylic acki by dripping, and an epoxy methacrylate resin solution having an ackl number of 5 
was obtained. To this resin solution was added 32 parts of methyl metfiacrylate, 1 part of r-methacryloxypFopyl trimeth- 

45 oxysilane, and 1 part of n-paratfin, and this was allowed to d'es6lve, and was then cooled, and 4 parts of benzoyl per- 
oxkie (diluted to 50% wrtii a plastidzer) was added, to produce resin fiqukJ B2. The viscosity of this resin liquid 82 at 
20*^0 was measured and found to be 220 centipdse. N,N-diethyt-p-tolui(fine liquki was sprayed onto a sheet material I 
identical to that used in embodiment 28 in an average amount of 1 0 g/m^ as a curing promoter, arxl thereby, a reinforce- 
ment fber sheet material b on whk;h a curing promoter was deposited was obtained. 

50 Rrst. resinlk|ukf B2 was suffteientiy applied to a concrete surface using a t>rush, and on this^ b 
comprising reinforcement fbers on which a curing promoter was deposited was laid, and resin liquid B2 was again 
appfied to the entire surface of the sheet i^ng a roller. The resin was cured by being allowed to starxl for 30 minutes at 
a room tenperature of 20°C. 

A tx>nding test by the Buikiing Research far^trtute method in wfiich a portion of the cured reinforcement f bers was 

55 strqsped from ti)e conaete was conducted in accordance with Jl S A6909. and the strength was found to be 670 kg/1 600 
mm^ (42 kg/cm^. 4. 1 MPa), arxf conaete was stripped ak>ng with tiie reinforcement fit>ers. so tfiat suffrcient curing prop- 
erties and bonding properties were exhibited. The proportkxi of resin contained in the reinforcement layer was 52 
weight percent. 
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(EmbocSment36) 

2 parts per weight of Permec N (5S% methylethylketone peroxide) produced by Nippon Oil Company. Ltd. was 
mixed with 100 parts per weight of Prominate P-991. an unsaturated polyester resin produced by Tal<eda Chemical 
Industry Ltd.. and a resin liquid A was thus prepared. The viscosity of the resin at 20"C was found to be 700 centipoise. 

1 part per weight of 6% cobalt naphthenate was added to 100 parts per weight of Prominate P-991. and a resin 
liquid B was thus prepared. The viscosity of the resin at 20''C was found to be 700 centipoise. 

The resin liquid A obtained was placed in one tank, and the resin liquid B was placed in the other tank, of a two 
liquid airless coater APW-1200 (produced by Asahi Sanak Corporation) having a mixing ratio of 1 to 1 and equipped 
with a compressor, the air pressure thereof was set to 3 kg/cm^. and the resin \iqwd A/B mixed by a static mixer was 
applied inanamountof 250 g/hn^ to the surface of concrete bentfing test pieces inaccordancewith JIS A1132towhich 
a sheet material comprising reinforcement f bers was to be applied, using an airless roller handgun, the sheet material 
comprfeing reinforcement fft)ers (the anisotropk; textile of the present invention) of embodiment 29 was applied thereto, 
and after eliminating the air present in the sheet material using a deft>aming roller, the mixed resin Ik^uki A/B w^ 
applied using an airless roller handgun in an amount of 250 g/hn^. and the resin liquid A/B was then suffk:iently impreg- 
nated using the defoaming^^ollec again; and^his :was.alIowed to sland. The reaclion.proceeded=rapkiIy:^and^ring-: 
occurred within approximately 30 minutes. 

(Embocfim^37) 

70 parts of methyl methacrylate. 2 parts of 1 .3-butylene glycol dimethacrylate, 25 parts of N-butylacrylate macrom- 
onomer having a number average molecular weight of 6.000 and having a methacrylk; group on the temrvnus thereof, 
1 part of n-paraff in, and 1 part of rnnethacryloxyprGpyl trimethoxysilane was mixed so as to be uniform, arxJ a resin 
conrposition was thus obtained. 2 parts of b^izoylp^roxi^ com- 
position, and th^ was mixed to produce a resin liquid A. 

1 part of N,N-dimethyl-P-toluicfine was added to the same resin compositk>n, and a resin liquid B was obtained. The 
resin Ik^uid A obtained was placed in one tanK and the resin liquki B obtained was placed in the other tank, of a two 
iKfuki airless coater AP W-1 200 (produced by Asahi Sanak Corporation) having a mixing ratio of 1 to 1 and provided with 
a compressor, the air pressure thereof was regulated to 3 Rg/cm^. and the resin liquki A/B mixed by the static mixer was 
applied in an amount d 250 gAn^ to the surface of concrete bencfing test pieces in accordance vwth JIS A1 132 to which 
a sheet material comprising reinforcement fibers was to be applied, the sheet material comprising reinforcement fibers 
(the anisotropk; textile of the present invention) of embocfiment 29 was applied thereto; and the air present in the sheet 
material was removed using a defoaming roller, and tho-eafter. the rnxed resin liquid A/B was applied thereon using an 
airless roller handgun in an amount of 250 g/m^, and the resin liquki A/B was impregnated somewhat using a defoam- 
ing roller, and this was allowed to stand. The reactk)n proceeded quickly and curing occurred in approximately 30 min- 
utes. 

Industrial Applicability 

As described in detail above, in the repair and reinforcement method in accordance witii the present invention, 
when resin s impregnated into a sheet material comprising reinforcement f bers and this resin is cured to form a ih&- 
reinfbrced resin layer which is used to repair and reinforce preexisting structures, a reactive mixture having a gelling 
time off 1 5 minutes or more at 25'*C and which polymerizes even at 5"C and cures in 6 hours or less, and which, more- 
over, has as the chief components thereof a monomer containing vinyl groups and a reactive oligomer containing vinyl 
groups and/or a thermoplastic polymer, is used as the resin, so that execution is possible even under tow terrperature 
conditions, and superior repair and reinforcement effects are exhibited in a short period of tima Accordingly, this m^ 
be as a repair and reinforcement method for preexisting structures such as bridges, bridge piers, columns. buiW- 
ing, and the like. 

Furthermore, the anisotropk; textile off the present invention has superior handling properties and resin impregna- 
tfon properties, and generates superior strength when cured, so that it may be employed in the repair and reinforcement 
of preexisting structures 

aaims 

1. A repair and reinforcement method for preexisting structures, wherein, when a resin is impregnated into a sheet 
material comprising reinforcement f foers and this resin is cured to form a f ft>er-reinforced resin layer whk*i is used 
in the repair and reinforcement off preexisting structures, a reactive mixture having a gelling time off 15 minutes or 
more at 25"C and which is capaW of initiating polymerization even at 5'C. and which is suff icientiy curaW in a 
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cornparatively short period of time (6 hours or less) even at 5**C, and which, moreover, has as chief con^xxienls 
thereof a component (1) comprising a monomer having vinyl groups and a component (2), comprising a reactive 
oligomer having vinyl groups and/or a thermoplastic polynter is enr^byed as the resin. 

2. A repair and reinforcement method for preexfeting structures in accordance with daim 1 , wherein the reactive mix- 
ture contains a component (1) comprising at least one type of (melh)acrylate monomer, and a component (2) com- 
prising a reactive oligomer having at least 1 (meth)acrylic group within the molecule and/or a thermoplastic 
polymer. 

3. A repair and reinforcement method for preexisting structures in accordance with one off daims 1 and 2. wherein an 
organic peroxide which is individually stable at room temperature (the tenperature at the place of use or the like), 
and a curing promoter which makes possS)le the breakdown off this organic peroxide at room tenperature, are 
added to the reactive mixture. 

4. A repair and reinforcement method for preexisting structures in accordance with daim 2, wherein the reactive di- 
- ^ gomen contained in the reactive mixture as conponert (2) conprises.a reac^^ atJeast^one. 

(meth)acrylic group and allyl ether group in the molecule. 

5. A repair and reinforcement method for preexisting structures in accordance with daim 4, wherein the reactive oli- 
gomer contained in the reactive mixture as component (2) comprises a polyester (melh)acrylate containing ally! 
ether groups which is obtained by the reaction off a polybasic add, a polyhydric alcohol, an ateohol containing altyl 
ether groups, and (meth)acryltc add. 

6. A repair and reinforcement method for preexisting structures in accordance ¥vith daim 2. wherein the reactive oli- 
gomer contained in the reactive mixture as component (2) comprises an epoxy (meth)acrylate obtained by the 
reaction of an epoxy resin and (metii)acrylic add. 

7. A repair and reinforcement method for preexisting structures in accordance with daim 4, wherein the reactive oli- 
gomer contained in the reactive mixture as component (2) comprises an epcxy (meth)acrylate containing allyl ether 
groups which is obtained by the reaction off a polybasic add, an epoxy resin, an alcohol containing allyl ether 
groups, and (meth)acrylic add. 

8. A repair and reinforcement method for preexfeting structures in accordance witti daim 7, wherein phthalic add is 
used as the polybasic add, bisphend A and/or bisptenol F type epoxy resin having an epoxy equivalent of 970 or 
less is used as the epoxy resin, and penlaerythritol triallytether is used as the ateohol containing allyl ether groups. 

9. A repair and reinforcement method lor preexisting structures in accordance with daim 2, wherein the reactive mix- 
ture has a viscosity off 5 - 10^ centipoise at 20^0. 

10. A repair and reinforcement method for preexisting structures in accordance with daim 2. wherein the reactive mix- 
ture has a viscosity within a range off 5 - 800 centipotse at 20°C. 

1 1 - A repair and reinforcement method for preexisting structures in accordance with daim 2, wherein the reactive mix- 
ture contains paraffin wax. 

1 2. A repair and reinforcement method for preexisting stmctures in accordance with daim 1 , wherein the sheet material 
comprising reinforcenoent fibers comprises a sheet material, wherein a heat-fusible doth is heat-fused to at least 
one surfece of a sheet material comprising reinforcement f i>ers oriented in one direction. 

13. A repair and reinforcement method for preexisting structures in accordance with daim 1 , wherein the sheet material 
cofiprfeing reinforcement fbers comprfees a she^ material, in which heat-fusWe ffoers are disposed at at least 
one surface off a sheet material comprising reinforcement fbers oriented in a single direction, in a direction perpen- 
dicular to that off the reinforcement ftoers and with a spadng witiiin a range off 3 - 15 mm in the tongiludinal direction 
of the reinforcement ffoers, and are heat-fused to this surface. 

14. An anisotropic textile, wherein heat-fusible fibers are disposed at and heat-fused to at least one surface of a sheet 
material conprising reinforcement fibers oriented in one direction, oriented in a direction perpendicular to that off 
the reinforcement fbers and with a spadng within a rang off 3 - 1 5 mm in the longitudinal direction off the reinforce- 
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mentfbers. 

15. An anisotropic textile, employing high strength and highly elastic fft>er8 (reinforcement fbers) having a tensil 
strength off 3 GPa or nrare and a tensile elastic modulus of 150 GPa or more as the warp, and fbers having a tensil 
elastic modulus lower than that of the warp as the weft wherein the welt threads comprise composite threads hav- 
ing a weight off 0.1 g or less per meter and comprising two types of fibers having a melting point difference of 50^C 
or nfx>re, and the spacing of the weft threads in the warp direction is within a range of 3 - 1 5 mm. and by means of 
the low melting point fibers comprising ttte weft, the warp and weft adhere to one another. 

16. An anisotropic textile in accordarKe with daim 15. wherein ttie composite threads used as the weft tfireads com- 
prise composite threads in which high melting point Vb&s having a tensile elastic modulus within a range of 50 - 
100 GPa and a melting point of 200^0 or more. arxJ low melting point fbers having a tensile elastic modulus of 50 
GPa or less and a melting point of 1 50^ or less are unified by the deposition of 0.5 - 1 0 weight percent of a high 
molecular compound which melts or softens at temperatures of 150*^0 or less. 

.^:if7w. Arepainarxl reirrforcement method^forpreexisting str^ 

textile disclosed in daim 14 is employed as the sheet material comprising reinforcentent ftoers. 

18. A repair arxJ reinforcement mettnxJ for preexisting structures in accordance with daim 1, wherein the anisotrc^ 
textile disclosed in daim 15 is employed as tfte sheet material comprising reinforcement f ft>ers. 

1 9. An anisotropic textile in accordance with daim 16. wherein the high molecular compound is dissolved in the reac- 
tive mixtura 
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